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TL. SECOND PERIOD. 


o, Brakes applied under constant pressure : 


ta (Q kgr.), from the speed v» (correspond- 
ing to the termination of the charging 


pee 


A. First CasE. 
_The train 0 ee to travel asaehOn 


to Paice i .. are pase) in 
r. per ton weight of train. 


; R, = total resistance to rolling at low 


1 of the locomotive or locomotives 
hauling the train. 
P’ — weight of train in tons. 
P= weight of entire train (including 
locomotives ) in tons. 


pe iod) up to the stoppage of the train. 


Under these conditions we can write : 

TP’ R ei tees 

oe einer = specific rolling re- 
Pp 

”* 


sistance, at low speed, of the entire train, 
expressed in kgr. per ton. 


g= 


Further we will indicate by : 


S = the frontal cross-sectional area 
of the train in m’. 


B — the aerodynamic coefficient of 
the entire train consisting of the string 
of waggons and the locomotive(s). 

It should be borne in mind that it is 
a question of a magnitude 6, such that 
the total resistance of the air opposing 
the forward motion of the entire train 
should be indicated by the product : 
B xX S X »v? in which v is stated in 
metres per second. Thus for example, if 
K represents the aerodynamic coefficient, 


(*) See Bulletin of the RSENS: Railay Congr ess Association, No. of March 1947, 


p. 139 


= : 
tl ee 
ss St 


c Le 
“= ayes 
: : 


Tt? = Leer 


oe 10 + + oP + BSv? + a inhi a 


Lie (cabpag fap 3 So! 4 iP Pi 
<0 NEOs ae Bebo 


—— 6S } 


Bers . _ or, substituting M by its equivalent 1000 Pa. A 
% A 1s ' | fi : 
. 1000 Pp Seige gi Nets . : J bi ; i ap 
— BS Pe eee pee 
ty: fi b ; a 98S y? wie Pe js Bass a Q+. i 


hé ‘ a a 
whence - Teppighs 


whence : dt = — Ee 


or, by writing: — : 


and then di = vdt twat ita Reith bed — 
. vdv ey 


MOE di = — ¥ x — Peres 4 Wn 
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differential equations, integrated between 
the limits of speed v, and v, where the 
linear law is represented by the equation 
f = a — bv, they (the differential equa- 
tions) provide the magnitudes for the 
time and for the distance travelled cor- 
responding to these speed limits. 

These magnitudes are indicated by the 
symbols ¢, and /, in our previous theorem 
(Issue of the Bulletin of the Internatio- 
nal Railway Congress Association of July 
1946). 

' They will be used in what follows. 
this connection let us remember, that : 


2 
—% —q> 


In 


O, we may write : 


Rene 


je —(a +5) 
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a ANG LG r —q < 0, we may write: 


= a 


First AssuMPTION. 


The coefficient of friction { between 
the brake blocks and the tyres varies 
according to a simple straight line law 
f — a — bv from the speed v, = Vy 
(describing the conditions at the start of 
the period under consideration) up to 
the stoppage of the train (speed v, = 0). 

We shall have noted in our preceding 
theorem that integration of the differen- 
tial equations I and II between the limits 
of the aforementioned speeds, enables us 
to calculate, as follows, the time T’ and 
the distance travelled L’. 

1) Calculation of the time T’ elapsed 
between the start of the period under 
consideration (characterized by the speed 
v,) and the stoppage of the train. 


p* = j Sg ee — B 
a) If aed 0, we find T’ = oA | 108 eae logn Bue || 
2 
bale 2g —0, we find TY? =o 
oe te ib 
2 4 Vp 
e) If vs —q < 0, we find VS / are tg 2k “ap 
@F + (ro + 5)5 
2) Calculation of the distance L’ travelled during the time T’. 
e == ‘ ashoAS pies: — B logn al 
a) tiie q A °, x ast al ep A — VU, * B — Vn 
Vy + p 1. 
by 1 —g— 0 es a oe 
2 
2 
(0 oF 3) + e? 
p at 2 pi’ 
c) If — —q < 0, L’ = - logn ; Ae : 
ae 
2 


wen Sabie to lt eed as coe of t 

* bolic law, the components being two linear laws, such 
HN _ tion (v,) lies between the speed v, (initial ei het 
Pi tion) and zero speed (stoppage of the train). 
On this assumption, two phases are thereafter to : considered : 


Vea  —a first phase, in which: is Aba elles ake: . ry ie a 


f =a, — Bo | 


__ 1000 P» 
g8S 


BS - : 
' j : — a second phase, where : : : . ; iad 
an faa be | eee) ee 
ae 1000 Px, WOES ES se seas See ce 
: re [kevie | onyeoeaame 
2 as . @ 
7. | ¥ (2) | ; 
rs q.— SOT | B.=4.—9 
: First phase. : 


1) Calculation of the time t, elapsed from the start of the period iat ” 
sideration up to the moment when the known speed of transition (% }t is reach d., . 


a) If _ q1 = 0, t, ae 2A, [toes A, 2s De ; logn <i 


5) at Bey ao, 4 


f+ 8) +8) 
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0, (vs = Vo) 
67 - (v. + + B)(o =r 3 


2) Calculation of the distance 1, travelled in the time t,. 


2 
c) fo—q<04= ge are tg 
1 


Pi — | AY Vo " 5 oe 
one 4 ott oA A, logn A, Ao B, logn Bees =| 
D4 
2 Vp + 5) 
b) If  — g, = 0, , = ¥ logn eg 2S 
te ae 
ae. 


2 
Cc) If a qi a 0, Ll, = 7 loge ( 


Second phase. 


1) Calculation of the time t, elapsed from the moment when the known speed 
of transition (v,) has been reached, up to the stoppage of the train. 


Z woes ee io a B, ] 
a) If —q, > 0, t, TA, Ee A, ee logn Bh2e a3 


2 
b) it F— 4. = 0, t, = ce 
» + Be 
2 
c) If ion @e< 0, ty af are tg Ort Ae 
: @3 + (v, + nl 
2) Calculation of the distance |, travelled in the time t,. 
ps ve B, ] 
a) li F~—q > 0,4,— oA, La, LT Saar ay 
] 
p 2 rg 2 Pot, 
b) If F— q — 9, tp = ¥ logn De ee 


2 
c) tq, < 0,1, =} logn 


& ste 


ESS ASSOCIATI on 
SPs it 


3) Finally, ede get: 
oy ras t, <P tp 2 
1b aa ap Sa 
. B. Seconp Case, 
The wheels of the different braked; fia 


; waggons in the train (as also of the loco- 1000°P 
‘ motives hauling the latter) are lockedand = — —— i Ses 
ss skid: from the start of the period wnder g 


consideration (distinguished by the speed. fH or= = skidding Cc 
ie Vv, = V,) until the stoppage of the train the tyres on the rails, vai 
ue (Ve = 0)./ the speed limits v, = v, a 
of aa Let : ; _ Under these conditions 
under consideration, the fe 
equation governing the motion ae 


P, — the weight in tons of all the 
ee te braked waggons and locomotives. This 


&, weight will thus correspond to that of written : 
( Bs the locked vehicles skidding on the track. dv 1000 P, > pe 2 Tat 
ees P — Py 4 the weight in tons of all M qi — — 1} 00 Roc AS = Basa 
ae the unbraked vehicles, “Pp being the total oN pSvt + + iP Lie 
a . weight of the train (including locomo- the yalues of ro, of B and of Ss being Sey 


tives). This weight therefore corres- indicated above a? 


ponds to that part of the train which cf oe 
continues to roll on the track. Let us now replace fi by its ecuivalenit. | _ 
a’ — b’v, and then we get: Y = 
dy ; F a 
is = —} 1000(a’ — b’v)P, + + (P Pars + ASH & P| be 
— }1000 a’P, — 1000 b'P,» + (P — P,)r, + BSo* + iP| 
| 1000 bP, , 1000 a’P, + (P —P,)ry + iP) 
= — 2 pet ee) v. Pens HO EN ee, 
rig jy" — Be ea “BS mir 
eee me es oP, + (P—P,)r £ P) 
whence : ai FM } — BS’ : aa wear =: me 
| 98S je 1 1000 DE ar 
Bee (P= Balai ] eA <a oof, 


a’P, he Pode 2 


(*) See age 201. 
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Je 10001 F242 (PtP on 


whence: dt — 


gBS 
. dv 
Pies 1000 b’P, a. 1000 a’P, + (P — P,)r. + iP 
BS BS 
or, by writing : 
yy _ 1000[P, + (P — Pe) 11] 
ny tee 98S (2) 
. 1000 b’P, 
p= (10) 
ee ee oe BOE ae AA) 
we? get: 
F dv 
ne: Raine 7 
and, consequently : 
di = vdt 
dv 
OLY; dl —= — vy eee or 
XE pot q 
differential equations of the same form Second AssuMPTION. 


as (I) and (II). 
1) a) The coefficient of sliding friction f of 


the tyres on the rails varies according to 
a first linear law f,/ = a,’ — b,’v from 

The coefficient of sliding friction f of the speed v, = V, up to the speed of 
of the tyres on the rails varies according transition v,, and according to a second 


First ASSUMPTION. 


to the same linear law f’ = a’ — Db’v linear law f,/ = a,’ — hb,’ from the same 
(suitably chosen) from the speedv,—v,, transition v, down to the speed v, — 0 
up to stoppage of the train (v, = 0). (stoppage of the train). 
. V4 , 
The magnitudes T’ and L’ are found Under these conditions, we shall have, 


ee oes obere ag ae ets as- “as above (first case, second assumption): 
sumption), at the same time taking into 
account the relationship v’ = (9), p’ = 
(10), g’ = (11) shown above. 


i + t, 
eee y 


t, and ¢,, whence T’ = 
1, and J,, whence L’ 


oper a the ret ase he to Ug: Dy . 
... sie ’ , 1000[P, + (P= = = 2 sal. eh “<2 a dx - 7“. 
td yy — / " . F 


ro ‘ 


j * 
, : = oH) “gS “(ae = ee ; Ae AX 7 
eae « ’ st - 


‘ ‘es . r i - en 9 ak _ } 

. 1000 b,’P. F ; saa 

es er ‘ i ee rer to oS Muah ema! Mielec. ac goo 
Nee . metas thts Fg ES Sa 


ore 1000 a,/P, + (P — P,)r, + Pe 


7" oy ea ; BS “Te ae es, ESL Oe de! a ei 2% 
We — For the second phase from v, to stoppage of the train: 


1000[P, + (P—P,)al 9. 

a gBS poi) 
; 1000 b,/P, te 
e: py = — TT Re si ot es Vis ejgemte i tah ot Higa 
et, ‘ aed ; 1000 a,’P, + (P — P,)rs he) here ag foam rh 
‘4 7 he qs — 2 BS =a = . . oe 7h | Ree r+: 
oS Note, — If the speed v, is low enough The equation for the motion then be- 

i (e.g. 4 to 5 m./sec.), one can leave out comes : . vi 
Pa of account the resistance of the air, a ; -) 
2. resistance which moreover is negligible \ — — }fQ-+ oP + iP ( YY Sa 
. at such low speeds. In this case the dif- see 
Be ‘ ferential equations of the motion become — } (a— Foe + oP + ipt me K 
i simplified and give the following results: 5} 2600 Ae obras i id 


l 


; 

i e; A. Case where the train continues to run ~ ren q aQ + oP + ie bQv | vl 
a without skidding of wheels on the . e @ oa 
Gams braked waggons. - —— dQ ee + oP ae? = ay 


7 or, substituting M by its equivalent paul : 
eet 1000 Py dv Zee { aQ P oP ‘= P al 
goat 50. oe aaa 
aQ + oP + iP 
al 


dv ; gbQ ( 
h — eS SS 
whence 7 1000 Pa | 
i 1000 am doit math 
whence dt = — — Om <i - a Es oP = si ae as 
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By writing : 
reli 1000 Px 
gbQ 


aQ + oP + iP 
= b0 


we then have : 
dv 
s—v 
and consequently dl — vdt 


ra kx 


dt = — kx 


Or: 


Integration of these differential equa- 
tions between the speed limits v, and », 
gives us: 


dv 
eae $—v 
Uv, 
Sasi) 
—k log n giae v, 
UP 
path nee 
v, 
as 
= ks logn Bet es k(v, — 2.) 


First AssSuMPTION. 


f = a — bv from the speed v, down 
to the stoppage of the train. 


VY, 
V2 


Vp 

zero (stoppage of the train). 
__ 1000 Pr 

gbQ 


a) + oP + iP 


k 


s 
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1? k logn —— 


B 


Lo $1 — kv; 


SECOND ASSUMPTION. 


f = a, — b,v from the speed v,, down 
to the speed of transition v,. 

f = a, — b,v from this last speed 
down to the stoppage of the train. 


First phase. 
f =a, — bv 
Vv, = Up 
Ve = 05 
ae 1000 Py 
; gb,Q 
. 2 UE ee eas 
1 b,Q 


Ss, — v 
f= &, log, ———* 
1 1 Sn ian 


l, rE Sib, we Kk, (Up | Vo) 


Second phase. 


f =a, — bv 


U, = Uo 
v, = zero (stoppage of train). 
j gees 1000 Px 
; gb.Q 
a, -- oP + 4P 


8, = 
2 


b.Q 


So : 
beak, 108n are v, 


l, = 8,t, — kv, 


whence 


Y= +t, 
Ll’ =l, + |, 


Te 


Be — — }1000 @ = v)P, eer PP fone 
A aa) } = — }1000 a’P, — 1000 PP + e 
| = — 1000 ee BP _ ee 
Se S88 adver ce dy __ 1000 bP. 
Ne | Ba end Pea I 
or, by replacing M by its value 1000(P, + 
aan de 1000 gh'P, 
| a ~~ 7o00fP, -- (P —P,) a] o 
Se oi 3 : gb De ae i vP, + e- a P ce S iP 
: as AT he a Be ae (P ae P,) n| [ 1000 b’P, 
teh 4 
rae . P, + (P— P,)n dv 
a} - -when 0 E 0 ia “Bae Oe: 
on whence dt = Fabs x 2 war ei P— Pir : 
: ‘ 4000 b’P, 
abi or, by writing : --Finst _AssumPrioN. ae eh mr 
<7 bol ioucid tes eo fae be from the speed Ds down Som 
me bes gb’P,, I) to: the sloppage of the train ae s ‘Sa 
Pi ie : ~ yy 
‘his : ’ 0, == 0s rN § | 
Br mes iY Se sO ao yp Polo £ is + \) @-== reno ioe of the : tin). ; ae 
hi ’ y ra Ki ge ’ ie 
i we find again : oe. | = F logn Peery rahe 
y at eee lye ot 
am ‘ gs se with the eee values of kK’ and of s’ 
ne and, consequently : 
' dbe= vd 
ry) 
— ik x ae 
so that . 
loon s’ Vy , 
t k’ logn = Bt 
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ea (P v2 Pot 


pay gb,’P, 
, 1000 a,’P, + (P — P,)r, + P 
a aia 1000.b,’P, 
ae , 8,’ ae 45 
fk, log, Reon 
l, = 8h k,’(0» tio) 
Second. phase. 
ii a a,’ aN b,’v 
we, 
v, = zero (stoppage of the train). 
a P,P — P,) 
i gb? 
, __ 1000 ds Peec (Pi Pong P 
fe 1000 b,’P, 
\ Me kf logn ~ —,—? __ 
< U5 
li, == §,/t, ARE Vy 


Whence T’ — ¢, + ¢, and L’ — 1, + l, 


NUMERICAL EXAMPLE. 
A. Data for the calculation. 
P — weight of entire train = 1 312 tons. 
P’ — weight of the train of waggons 
only (“) = 1200 tons. 
P” — weight of the locomotive (**) = 
112 tons. 


P, = weight of that part of the train, 
fitted with brakes — 412 tons. 

P — P, — weight of part of the train 
without brakes — 900 tons. 

7, = coefficient for gross weight of mass 
== 108. 

Q = force exerted by a maximum appli- 
cation of the brakes on the tyres of 


(*) Assumed that train is made up of 30 % 
van waggons and 70 % loaded. 
) Type 81 of the 8.N.C.B. 
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the whole of the vehicles provided with 
brakes in the train — 200000 ker. 

T = time needed to charge the brake 
cylinders on the vehicles fitted with 
brakes in the train —-55 seconds. 


= the numerical exponent characteris- 
ing the value of the function g =‘ (t) 
taken as, say 2.5. 

v, =— the speed at the moment of start- 
ing to brake — 15 m. per sec., say 
3. 6 x 15 = 54 km. per hour. 

B — aerodynamic coefficient for the 
whole train = say 0.8, the speed of the 
train being given in m./sec. so that 


‘ 6.2 SV? 
0.8Sv 100 
S = the surface area of the front of the 
frain- == 12 m?. 
1 = the gradient of that section of the 
line travelled over by the train during 
the period of braking — gradient of 


y 


dmm. per metre = — 9. 


B. Preliminary observations. 


In the numerical example dealt with 
below, in connection with the choice of 
the coefficients of friction f — F (v) 
and f’ — F, (v) we have been guided 
exclusively by Doyen’s laws, ic. : 

1) As regards the frictional coefficient 
f =F (v) between the brake blocks and 
the tyres, for the case of a purely rolling 
motion of the braked wheels in the train, 
during the period of charging of the 
brake cylinders and on the assumption of 
a purely rolling motion of the same parts 
of the train during the period of braking 
at constant pressure : 


we have: f — 0.27 — 0.00720 

2) As regards the coefficient of sliding 
friction f’ = F, (v) between the tyres 
and the rails on the assumption of the 


ni ie eee én * 
ae = 0.095 — 0.0024 othe 


up to the transition speed Bee = 3. 8 ot ae 
sec. 


1 


fr — 035 — 0.0084 » 
Ry ae from the same speed of transition v, up 
a) the stoppage of the train. 


C. Results of the Gi 


L. Period of charging the brake cylinders. OF De) 
= — 0.0072 a 8 


1) Calculation by a first approxima- 0! 162; ‘ 
eae = « tion of the speed v, characterizing the = =| “Fi Fanon oie he 
end of the period in question. paar ee SEEN 


Be ae an 


, 
ea" 


teeoc't 
» the 


sh 


The relation : 


B sabe gil. (fF .0 
4 2 = — 700P.ntn + 4 ee oi ne 
- i  - corresponding ee to the same af = 
a . P,P Ry iP) speed ee 
be ; 2M = 1106 kgr. (see Appendix I) aya 
cai | a MAE ‘a 
es which amounts to: _ + ; ae 
He ; ’ : ‘ ; aah Po - ye ~a 
> ; 9.81 x 88 are = 
i aye. Te a | 8 + 4716 + 1106 — e500 | De 
‘a : _ Ge a Si ee ere int 2a 
‘om = 2 1000 3 AsA2I G08 = Fe 1 1. Wt a 
. j : _ 
S 3 = 15 — 8.54 . . “> lei lo a_i 
. i ° 
if = 6.460 metres per second (or say 23.2 km. /a.). at tae <= 
av: ‘ 4 f a ' ti a 
4 2) Calculation by a second approwimation of the speed V,. 
, - The relation : 
: pT {| mfQ nin + 8)fs0 
>= Ys. — 4000.P.n{ 2(n + 2) * B(m + 1)(m 4 2) 
+ ¥(r, + ry)PP 
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in which : 
f, = 0.27 — 0.0072 x 15 = 0162 
fe =0.27 — 00072 « 6.460 = 0.2235 
\ r, = 3.93 kgr. per ton of the string of waggons at the speed v, — 15 m./sec. or 54 km./h. 
( R,= 1106 kgr. (locomotive), at the speed v, = 15 m./sec. or 54 km./h. 
r, = 2.21 kgr. per ton of the string of waggons, at the speed v,’ = 6.46 m./sec. or 23 km./h. 
R, = 722 kgr. (locomotive), at the speed v,’ = 6.46 m./sec. or 23 km./h. 
amonnts to: 
981 x 55 
<= ‘ 9 i — f 
os 15 1000 S< 1312 x< 1.08 9000 + 19512 + 3684 + %19 — 6560 
9.81 « 55 x 26555 
~ 1000 1312 x 1.08 
= 15 — 10A10 
= 4890 metres per second, or say 17.6 km./h. 


== 15 


3) Calculation of the distance travelled L. 
The relation : 


L = v,T el” nf .Q n(n + 5)fad 
a 1000 Pxl3(n = 3) ° 6m 4 2)(n + 3) 


+ ar,P’ + tr.’ + 4R, +R, — HP | 


gives the value : 


L— 18 x 38 St XN Bog lt vec ayia ago 
a? — 1000 3 1312 SLB ee a ae 


+ 369 + 120 — 3280 


— 


9.81 x BB” x 9776 


= 825 — 4000 x 1312 KX 1.08 
= 825 — 205 
= 620 metres. 


Il. Period of braking at constant pressure. 


A. Case when the braked portion of the train, not being skidded, continues 
to run until it comes to rest : 


The Appendices I and II give us: 
r, = 1.82 kgr. per ton of the string of waggons. 
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R, = 586 ker. for the locomotive, 
ryb’ + R, (1.82 x 1200) + 586 


whence « == 2.111 kgr. per ton of train. 


P =. 1312 
Under these conditions, and taking account of the values : 
a == 0.21 
b = 0.0027 


we find : 


1) Taking into account the resistance of the air: 


1000 Py 
Oe Wes 
1000 < 1312 x 1.08 
981 X 080 x 12 
— 13046 
dak 28 
iain os 
0.0072 < 200000 
080 X 12 
ae 
aQ + oP — oP 
ig BS 
(0.27 x 200000) + (2411 x 1312) — (8 x 41312) 
bipiiy 5. #0 a Oe 080 S49 
— 5230 
(De 
A Vi =e = 4/3025 —— 5230 — 19.874 
ae 150 
ee — (a+) = — (19874 — ; | 
eee ph haart 
33.126 
a 19.874 — [- a 
— 19874 + 18 


= 94.874 
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whence : 
, ¥ X 2303 " ees 
ij = | oe = — log g | 
_ 15046 X_ 2.303 [ ie 55.126 94.874 1 
= OX 19.874 55126 — 489  °© 94874 — 489 
| 33.126 94.874 
Spile Ee 30.236  1°8 39.984 
— 871.8 [0.00314 — 0.0229819) 
— 871.8 x 0.017398 
= 1513401210, or 15.134 seconds. 
, 1X 2.308 ‘ ‘Ms 
eet 2h A log gag, Beye | 


= 8718 [55.126 x 0.0403414 — 94.874 « 0.0229819] 
= 8718 [2.2238600164 — 2.1803847806 | 

= 8718 x 0.0434752358 

= 37.90171057044, or 37.902 metres. 


2) Neglecting the resistance of the air : 
k ~ 1000 Pn 
~ — -gbQ 
1000 « 13412 ~« 1.08 
9.81 x 0.0072 200000 


1446960 
= T1264 
— 1003 
aQ + oP — iP 
has b.0 
(0.27 x 200000) + (2.114 x 1312) — (5 Xx 1312) 
a 0.0072 x 200000 
34000 + 2769.632 — 6360 
- 1440 
50209.632 
1440 
— 34,868 


ar 


215 


34.868 = | 
29.978 


“= 2309909 >< 0.0636243 


I 


2.309909 « Jog 24868 


— 18.18861641887, or 15.159 sec. he 


comes torest. 


_ We should remember that in thi 


Lt = sl — kw port I the 
= 34.868 X 15.459 — 1003 x 489 1.82 2 gt per “ton (see Appei : 
— 528.564 — 490. 467 First phase. a 
— 38.097 metres. = 489 m ./sec. : in ee 3 
jug 23. m./see. ae 
Conclusion : Saabs Aa - 0.095 — 0.0094 v ; 
It will be seen that the effect of the. , |, 15 
1,’ = 0.095" 
resistance of air is negligible at the } ney 0004 


speeds in question, as will be seen from 
the following table : 


o tee Resistance | 4AQ + 900. DS 108 
| Time/ Distance. alice ee ees Te 9. 84« x 0.0024 x AAD 
account. 
1384 
T’ seconds 15.134. 15.159 9.7 ; ; 
a = 142.68 : 
l/ metres 37.902 38.097 : 1000 a, Pi ot (P - au Pa)ry — 
or 1000 bP, es 
(1000 x 0.095 x 442) + (900 x 1.82) — (8 X<_ 1342) +o ing _ 
a 1000 < 0.0024 x MQ ‘ i ae 
34218 M37 _ 
= RG | — 328302 X log 34 1 se iouee 
— 34.605 = 398.592 x 0.023618 px 
Whence : Sef ee or 7158 t 
= 2308 h,’ log 7 | 
34.608 — 3.93 


= 2.303 K 142.68 x 834.605 — 4 


es iP i (P — P,)n 
ne a Y Kgeeey 


4180 | 
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— 268.46559 — 142.68 X< 1.66 __ 103000 + 1638 — 6360 
— 268.46389 — 236.8488 201648 
98078 
= 31.61679, or 31.617 metres. ~ 907648 
— 4,193 


Second phase. 
erik ets Whence : 


Vy = 3.23 m./sec. t 8’ 
t = 2303 k, log hn 
2 


f’ = 0.23 — 0.03040 v, 
» 4.793 
/ = 028 Bg a 
a Gola DC OTOEDK 108) cee 5 og 
b,’ = 0.0304 
‘ 4,198 
pr — Po + (P— Pdr pe ee 1 a0s 
a 3 b,/P 
oo a — 15.646582 x 0.3001581 
4- 4A9 + 900 4 1.08 — 7.89876479461 42 6 
= 981 sx 0.00804 112 8257647246142, or 7.826 seconds. 
1384 baste ks 0, 
Poe ay = 4.7233 « 7.826 — 6.794 « 3.93 
= 6.794 = 36.962198 — 21.94462 
3 100050, Poi (PB. — Pyro IP = 15.017578, or 15.017 metres. 
or 1000 b,’P, 


So that: 


T —t, + t¢, =7 sec. 758 + 7 sec. 826 — 15 sec. 584. 


Pe = om. 617 6 15 m. O17 — 46 m. 694. 


Summary. 
Periods. | Seconds. | Metres. | Seconds. | Metres. 
PUrst POTMOd, . pos ss 55 620 55 620 
Second period : 
wheels turning 15.134 37.902 ltt 
apheels skidded |. 4. . 5 9s «)|\s a er 15.584 46.634 


FS eS EEE 


Total braking effect 70.134 657.902 70.584 666.63} 


Cincluding 
tender) in 
metric tonnes. 
| in metric tonnes. 
Speed in 
km/h. 


PwWNe Oo 


e 


WOONIMMNPWNH DHDATIAMNPWNeH OLONIAH 
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un 
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| Total weight 


| Adhesive weight 


90.600 


87.850. 


117.040 


52.200 


49.450 | 


49.850 


138.500 135.560 110.139 | 114.890 


F il 
| 


tae 
5 (1334 } 


75.700 | 61.820 | 71.490 


Specific resistance of goods trains (expressed in kilogr 


_ 
SOMDIDUNAWN= 


PRwYwW WHwNNNNNNN 


BALL & co 
SEARS ASSLLARSRSS 


Sa taeda a Soatir acid ashen bed ER 


SES So) OSE Serta 


CSOANGe ROYW 


PENNY PNYNNYYYNHN VNYYVYYYV a= 


Py 


ANUPAW NNHESObLOmIA a 


PW Www WU UL Lo 


1.73 M82 ee 1.92 Ors eal hes 
1.73 1:82" | 192. mip 2103.) ; 
174% ele 8S 193 | 2.04 | 
1.74 | 1.83 19311204 1 
1.75 184 | 1.94 | 205 | 
1.76 1.85 1/95) 206-0 
a 1.87 1.97 | 2.08 Qs 
1.78 1.88 1.98 | 2.09 | a 6 
1:79 2/21/89)" | d.99ue)) mets a 2. 78 
" i A eAl | 
1.81 1.91 2.01 Ds e228) 252: 80 
1.83 1.93. | 20s 34s Me ap aneoss, 1.83 
1.85 £95 | 2.059)" 248") 238 4et2.57 igs 
1.87 1.97 ©] 208/220 a) 2136 ail 92.60 Be |} 
1.89 1997) 21 0ual W222" sleiag) eos, ‘91 |) Bier 
1.91 Di01) || © 2.12 |e all a2 .66 95. Faas 
1.9300 2,03) | Oi Semp 2 28 eer: 70 99 | 3.36 
LOS ui. 2068 |) 218) e230. neue 78 03 | 3.40 
107 sAle2.08- | D:20uu mead) Ameo 2.76 07 | 3.44 
2.60 ime2id |) 92.230) Mesh 2 S480 11 | 3.45 
DO Svae2 14, 2.27 39) 4) 2588 2.84 3.16 | 3.54 | 
9.06 2s 4) 230, | 12-43. |) 2162 || aise es 20n aston 
2.09 | 2.21 2.33, || 62:47 | 266: ||) 9293 3.95 3.65 
Y212 2.25 2.37 2:51 2.70 97 | 3.30 3.71 
PNG. || SS. NZS lees ||| ATE! B85. ogi 
219 Sie 232 (| 245em) e259 N | Oh79 esta 3.83 
2.23 2.36 | 249 | 2.64 | 2.84 347 |||) 800%) 
eM Ay || Deo a |) eh) | 3.53 | 3.96 
2.31 Dae || 2:57 We 98) a) 294 3.59 | 4.03 
2.35 te 2i48 oi) 262 a) 695780 e209 3.65 | 4.10 
2:39 al O'52 al 2.eown|) e2ies 3.04 3.72 |i) ans 
2:43 | 5 2557 0) 2 ey Qisse ees O 378) Aes 
247 (| 261 {| > 2760 293 en as 3.85 | 4.33 
2.51 2:66; | 280ml 6208. In 320) 3.92 | 4.41. 
256 os70 Ol 218 Sem| ns 05 ee 3.99 | 4.49 
2.61 275 ||| 291 nln eS09 0 mera 4.07 — 8 
2:66 “le O-8i |, 207 a) a315) Hees 4.15 8 
211 2.87 Z.03eN) 93.21 iP aos 4.24 if 
277, ap) 2.92) 2) SOO wm eae ee gSSI herd, 33k BAS 
2.82 0.08 | -B.15aub waisa 1 3.68 — 4AL 96 
~ M | ra 
2.88 1 3.042 Sat | Lat 1 Ser 50. 
2.93 ‘|| 13,10° |. ase}. -pae | ae | 59 
2:99 | 346 |) Biadigh S354 jh <3is2) a 
3.05 3.22 | 3.40 | 3.62 | 3.9 T, 
3.11 OTe Wack) | |jmecHss 7 
£308) S| e335 eal esta wan eS a7 a 
3.04 || <3/42\ (5) *Si62..51 9:84 al 
3.34. [dpaidd oe 3u6B" yr eo 
3.38 3.56 | 3.77 | 4.00 | 
3.44 | 3.63 | 3.84 | 4.08 
3.51" Sip 3:70 ale a92 4.16 ) | 
3.58 |, 03278 ||) 4100) |) s4ose i} We 
3.66 || 4386 | 4,08 | 4.43 a 
3.73 393 | 416 | 441 | i's 
3.80 | 4.01 | 4.24 | 4.50 185 | 
4 7 h t i, 
4 1 
lf 


[ 385. (09 (.492) ] 


The Railways, 
by F. Q. DEN HOLLANDER, 


Engineer, President of the Netherlands Railways. 


(Extract from the special publication: « Koninklijk Instituut van Ingenieurs — 
Jubileum 1847-1947 », published on the occasion of the Centenary of the Royal 
Institute of Dutch Engineers. — Supplement to No. 37 of the De Ingenieur of 


the 12th September 1947.) 


For the hundred years and more dur- 
ing which the railways have been in 
existence in the Low Countries, there 
has always been a very close relation 
between their operation and technical 
progress. Compared with the first three 
quarters of the century during which 
they have been in existence, when rail- 
way operation and technique developed 
calmly and slowly, evolution has been 
much faster since the first world war. 
On one side, the development of new 
methods of communication involved 
finding new ways; on the other, tech- 
nical possibilities were greater, thanks 
to the development of scientific re- 
search, the arrival on the market of more 
adequate materials, and the utilisation of 
electric energy as a source of motive 
power for traction. The period between 
the two world wars can be considered 
as a period of transition, during which, 
for example, the explosion engine and 
internal combustion engine were finding 
their place, without however becoming 
of great importance. The destruction of 
much railway equipment and the dam- 
age suffered during the second world 
war have however resulted in conditions 
favourable for applying boldly the new 
techniques in order to realise an up-to- 
date and efficient operation. 

As regards this technical development, 
attention should be specially directed to 
the role of the railways and the place 
they have gained in the national and 
international organisation of transport. 
Their economic field of action would 
seem to lie chiefly in the transport of 


bulk goods over short distances, and 
linking up the primary and the sec- 
ondary towns of the country over 
longer distances. Their mission has al- 
ways been to assure a system of trans- 
port characterized by its security, re- 
gularity of working under all climatic, 
service and national conditions, and the 
greatest ‘possible economy in carrying 
out national and international transport. 

When the future of railway operation 
is considered at the present time, it is 
difficult to indicate in a concrete fashion 
similar developments for all sections of 
the technique. The only common factor 
that can be pointed out in every case 
is the end to which the efforts of the 
railway engineer are directed within the 
framework of the functions of a railway 
as indicated above, i.e. to achieve the 
greatest possible security and as efficient 
an operation as possible. 

The aspect which characterizes the 
railway system in Holland depends to a 
large extent upon the state of the soil. 
Precisely in those places where the rail- 
way system is dense, the foundation of 
the permanent way often rests upon very 
weak layers of peat or clay. Therefore 
with the assistance of soil mechanics, it 
will be necessary to undertake work in 
the future to overcome two phenomena 
which are obstacles to maintaining the 
permanent way in good condition, na- 
mely subsidence, and irregularities of the 
surface in order to make sure that the 
railways of the future will have the same 
standard of safety at the speeds desired. 

Special attention must be given to the 


- maintenance of the track, which involves 2 
heavy expenditure at regular intervals, 


especially on lines with fast and fre- 
quent traffic. © Ath ’ 

For reasons of economy, and also to 
improve them at the same time, the track 
on main lines with frequent services will 
gradually be equipped with 63 kgr./m. 
(127 lbs./yard) rails, while wood sleep- 
ers will continue to be used. : 

In laying the rails which will ie set 
at 1 in 30, the choice lies between rolled 
Steel bearing plates and rolled steel sole 
plates, the latter replacing the cast plates 
now in use. In making this choice, bas- 
ed on the results of trials to be carried 
out, account must be taken of the ad- 
vantages which may be expected from 


being able to use rolled steel plates of 
the same section for all kinds of rails 


and of being able to make all the bearing 
plates used on the railway to a standard 
pattern. 

Where necessary eave ballast will be 
replaced by broken stone, which make a 
more stable bed, and gives improved 
drainage, and consequently increases the 
life of the track. 


Again with the object of reducing 


maintenance costs, this new type of 
track will be laid with rails 45 m. (147’ 
72’) long, or even longer. These long 


rails will be obtained by electrically: 


welding together 15 m. (49/23) rails 
continuously and cutting them into 
45 m. lengths by a saw cut in the middle 
of a 15 m. length. When the rails ob- 
tained in this way are joined up again 
by means of fish-plates, the ideal joint 
is obtained. Wear of both the track and 
the rolling stock will be considerably 


reduced by having fewer joints and by 


the improved quality of such joints. 

In the case of large lattice girder 
bridges, these are at present being care- 
fully studied in order to discover the 
most economic design from the point of 
view of materials and maintenance. 


Welded tubular air tight bars of A 37 


steel will be used, or assemblies using 


must be designed on as generous a scale 


towns, the drawback of le 


risiaet the possibilty of usin 
made of rolled aluminium is 

vestigation. iy 
The reconstruction of the 


Flestic cael epeeicic’ or aoe 
may replace steam traction. ’ : 
_ As the station is the point of conthnul Ps 
between road and rail traffic, special : = 
attention must be given to transhipment i 
facilities in either direction when build- 
ing the new stations. Station approaches _ 


as possible so as to give easy access to- : 
the buses and taxi ranks, and in order 
to facilitate the arrival and departure of 
passengers using private cars, and the ~ 
trams. In addition when designing the 
entrances to stations, the ways in and — 
out must be so planned as not to impede — 
circulation or lead to other difficulties. 
The necessary waiting room facilities 
must also be provided for passensersy 
waiting for connections. _ . 
As nes already been done in the case 
of the Amsterdam C.S. and The Hague ‘ 
H.S. stations, the waiting rooms a d- 
cloakrooms will be situated on a level — 
with the station platforms. | In other — ae 
will be overcome by raising the t 
and making subways. In order to ada 
itself to the requirements of town p. 
sengers, in the future the railways's. 
‘run as far as possible into the cen 
scien: and where possible: a ) 


é 


7 
cael met “he ee asf “ ae 
Several marshalling yards will have to a 
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be equipped on different lines, chiefly 
from the point of view of the number of 
sidings provided, in combination with 
carrying out the present system of com- 
posing trains by means of loaded wag- 
gons. At each of the principal stations 
of the group, in order to get as few as 
possible breaks in the routing of wag- 
gons owing to shunting en route, com- 
plete trains will be formed to run 
straight through to other principal sta- 
tions in the group. The shunting sidings 
of the principal stations of the group 
are not designed for working in this way 
and will have to be adapted. A certain 
number of auxiliary shunting sidings 
can be suppressed. 

As regards signalling, in order to in- 
crease the safety, reduce operating costs, 
and obtain high output as regards the 
capacity of stations and sections of line, 
the most up-to-date safety measure will 
be applied. 

One of these methods is centralised 
traffic control (C.T.C.) which consists of 
operating the track equipment and sig- 
nals in a complete section — preferably 
single track — 100 km. (62 miles) long 
or more, for example, from a single cen- 
tral point with automatic control of the 
position of trains shown on a table. On 
the Jine, this method provides at the 
same time for the application of the 
automatic block system. 

In the case of large stations, the so- 
called N-X system (for entrance, start of 
the route, and exif, end of the route) is 
under consideration. In this method 
the train movements are controlled by 
means of buttons sited on a table dia- 
gram of the station (table on which the 
equipment and signals are shown). For 
any given train movement, it is only 
necessary to press a button N. (entrance) 
and another button X (exit) which will 
throw all the equipment into the desired 
position and work all the necessary sig- 
nals for the train movement in question 
regardless of the length of time it takes 
(for example a « passage»). If more 
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than one route is possible, that to be 
taken is given automatically according to 
a prearranged order. The system in- 
cludes — like the C.T.C. method — com- 
plete control of all the track occupied 
and the covering signals. 

For ordinary double track sections of 
line, the automatic block system in use 
since 1926 will have to be completely 
adapted with day and night light signals 
instead of semaphore arms. When such 
signals are used to the fullest extent, in 
their three possible positions, each signal 
can be used as a stop signal (red or 
green), and at the same time as a warn- 
ing signal (yellow or green), the whole 
therefore making use of red, yellow or 
green lights, which makes it possible to 
run trains in more rapid succession and 
consequently obtain better use of the 
line. The protection of unprotected 
level crossings by means of flashing 
lights will also be greatly extended. 

For using light signals at junctions 
and in stations, a new system of signals 
has been designed, completely different 
from the old semaphores. 

With these, red is now shown when 
the signal can be run past, while the 
information as to how this can be done 
is given in terms of the speed only, and 
not of direction. To do this, three speeds 
have been selected (a maximum, a mini- 
mum, and an average speed) which are 


- shown by the level of the signal light. 


The foundation of the safety signal 
«road occupied » and of the automatic 
block system is the track circuit, i.e. a 
circuit of current through the rails 
which is short-circuited by a train and 
puts the signal to danger. The latest 
novelty in this method is the system 
known as «coded track circuit» in 
which rhythmic currents are _ sent 
through the rails according-to a definite 
code. »This system considerably in- 
creases the safety. In addition if auto- 
matic train control is afterwards adopt- 
ed, this can be organised ideally by con- 
tinuous automatic control of the speed of 


224 


the train according to the conditions 
prevailing in the section of line in ques- 
tion as ascertained from the coded track 
circuits. At the same time the signals 
can be repeated in the driver’s cab, 
which makes it possible to imagine that 
ultimately it will be possible to do away 
with signals along the line. 

As far as traction is concerned, great 
modifications will have to be taken into 
account. Steam will be completely given 
up; the position as regards available 
energy will make this necessary. The 
ratio between supply and demand as 
well as the evolution of fuel prices on 
the different markets have changed in 
such a way that the question of the mo- 
tive power has become one of the most 
pressing problems. 

Owing to certain considerations of 
policy as regards available energy and 
in view of the great technical and eco- 
nomic advantages involved in the ap- 
plication of electric traction, diesel-elec- 
tric traction, and diesel traction, the rail- 
ways are electrifying a large part of the 
system, so that in the near future there 
will be nearly 1500 km. (932 miles) of 
electrified lines. On the main lines the 
passenger traffic will be worked mainly 
by sets of rail motor coaches; at the 
same time, for long distance journeys 
there will be trains hauled by electric 
locomotives. On the non-electrified 
lines, either diesel-electric locomotives 
or diesel-electric railcars will be used. 
The shunting services will be covered by 
diesel-electric tractors. For goods trains 
on the main lines, electric locomotives 
will be used; on other lines diesel-elec- 
tric tractors. The number of different 
types will be kept as low as possible. 

As far as diesel-electric traction is 
concerned, this programme may be 
amended owing to the development of 
the hot air engine, especially as trans- 
mission is simplified thereby. The tur- 
bine gas locomotive has certain features 
_ which makes it seem less suitable for 
our country. — 
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The power of locomotives and railcars 
will be increased. In Holland, the maxi- 
mum speed for passenger trains will 
probably be increased to 150 km. (93 mi- 
les)/h., and that of goods trains to about 
100 km. (62 miles)/h. On long runs 
special attention must be given to the 
maximum speed, and for shorter distan- 
ces to the starting speed. 

The application of the up-to-date me- 
thods of traction mentioned above, with 
a limited number of types, will be an 
important contribution to increased ef- 
ficiency of operation; the turn-round of 
rolling stock will be greatly increased, 
the maintenance costs will be reduced, 
and the repair shops can be reduced in 
number. 

As regards passenger stock, further 
progress is likely from certain points of 
view. No doubt everything will be done 
to increase the comfort still further. 
The possibility of making it as easy as 
possible to board and leave the trains is 
being investigated. 

The interior lighting is being specially 
considered, probably by the use of tu- 
bular lighting fittings, so that passengers 
will have a good light to read by. 

As regards ventilation, the method of 
heating and ventilating by pulsated air, 
already used on streamlined stock, will 
be installed. 

The use of air conditioning, which 
also makes it possible to cool] the air 
during hot weather, does not seem to be 
very suitable for the Low Countries. 
The statistics of the Royal Meteorological 
Institute which cover 25 years, show 
that on the average there are not more 
than 10 days in each year when the tem- 
perature is sufficiently high to make 
cooling of the air desirable. The instal- 
lation of air conditioning is expensive 
and the equipment weighs a lot. 

There is room for improvements in 
the running of the bogies of coaches and 
locomotives. 

Special attention will be given to re- 
ducing the braking distance, or at least 


ea the use of light nie 
> case of internal traffic the use 


eh hae in the fudar! 
of food stuffs has been de- 
ed on a large scale, which has 
up new markets in several coun- 
At the same time the low tem- 
freezing industry has been 
extended. Dry ice has so far 


_ from the practical point of 
mene ag of container waggons 


vans pine some guitablé type of apie 
rator, me pe is ase that the use of © 


its, very ‘nature the chalipe over to 
“other methods of traction will “have pro- 
found repercussions on the construction, 
: _ equipment and organisation of the shops. 
transition period will however be a 
long one, in view of the fact that for 

a, many years to come the new methods of 
. trac! ion will be used side by side with 
a she, old; this transition period will there- 


rainiwent tet with diesel-electric 
and electric traction. 


changed; new tools, modified working 
er ie ‘new measuring methods and 
also new buildings will come into use. 
_ The maintenance of units in the past did 
not require very long buildings but fa- 
cilities for moving the locomotives trans- 
versally. In the future the shops will 
*have to be equipped with long sections 


of track so that the complete sets can be 


. taken straight in, since it is difficult to 
divide them up. 

Although technically, and from the 
point of view of design, the new stock 
will be finer than ever, it is expected 
that the equipment and space required 
to keep it in perfect repair will be less 

rather than more in comparison with the 
period before modernisation. 

If the most recent technique is ap- 
plied, the traffic requirements can be 
met economically. For this purpose the 
safety, speed and frequency of the sery- 
ices must be brought to the highest pos- 
sible level. For the most part safety 
will be obtained by the introduction of 
the new safety methods. The speed will 
be obtained above all by the modern 
methods of propulsion mentioned above 
and by the improvement of the perma- 
nent way and its bed. The frequency of 
_ the services will depend upon the new 
organisation of the passenger trains, the 
special object of which will be to link 
up the outer regions with the centre. 
At the same time, the increase in the 
number of trains will impose a limita- 
tion on their length; in this way the 
services can be more easily adapted to 
actual conditions, and the arrangement 
of the stations simplified. The time 
spent in the stations can be reduced by 
the use of automatic and central coupl- 


The kind of work will be radically — 


ing, which mee it (ene to. eee tie 
or divide rakes in a very short time. _ 


The application of these ‘different. 
techniques will enable the railways, as 
stated above, to carry out their task to” 
the utmost. The volume of traffic is in- 
creasing ever more and more; the ratio 
between the density of the population, 


economic activities, and the at 


traffic is becoming more and more inter- 
related. The following figures stress 
this very convincingly. In 1878, there 
were 4000000 people in Holland, and 
the railways ran 0.5 thousand million 


_ passenger-kilometres, i.e. 125 km. (77 mi-- 42 OF dered application of the 


les) per person. In 1938, the population 
had increased to 8.7 millions and the | 
number of passenger-kilometres to 3.1 
thousand million, so that at that period 
each person travelled + 360 km. (223 mi- 
les) a year by rail. In 1946 the total 
number of passenger-kilometres reached 
5.6 thousand million, and the average 
per person 600 km. (372 miles). 


In the future the people are likely to 
travel still more owing to the strengthen- 
ing of the economic life of the country 
and the spread of industrialism, espe- 
cially in the provinces other than North- 
ern and Southern Holland. On this 
basis if the population of Holland has 
increased to 11 000 000 by 1960, each of 
whom travels 740 km. (460 miles) a 
year, the railways will have to run some 
8 thousand million train-kilometres in 
that year, which in comparison with 
pre-war passenger traffic is an ae 
of 260 %. 


As for goods traffic, it is harder to 
estimate what its probable evolution will 
be. The railways, in spite of the coming 
of new methods of transport, will con- 
tinue to occupy an important place for 
the bulk transport of goods. Here again 
technical progress will show new pos- 
sibilities to obtain the greatest possible 
improvement. The use on a large scale 
of containers of all sorts must be con-. 
sidered together with a special type of 


Be Pe i air, conscious ee ul 


repercussions are “contin wont 
nomic and consequently tend 
co- ordination between the e 
branches of transport, so that ‘in 
future they will only be able to. 


thods if, from the point of view. of 
teaheperty they) intervene in OBERT te 


different bees “of the 
industry. Within the iter of nue A a 
co- -ordination, te railways es colla- ace 


special role ofa national undertaking to. ey 
whom a specific task has been alloted a 
The above is a brief sketch of the 
future. To what extent it will be rea- — et} 
lised depends in the first place on the ae 
economic situation of the country and — cs 
its railways. The Netherlands Railways — 1 <a 
will make every endeavour, within the ig 
limits of economic possibilities, to pro- 
fit in full by technical progress. Already 
in 1863, the State Railway Company took 
upon itself the obligation to take all the 
neces pieps to insure tbat als, op 


nen i- oats . 
This line of conduct * will 


also ee Foiedaes te pare in ihe fat =f I Re 


Py 


2 108 shews a front view of loco- 
No. E.4813 of the former P.O- 
(series 4807-4822, built in France) ; 

. therefore, exactly the same type of 
ae as ‘tee ae in pies oe 


a Pe T- 1824) Tate viz. eit views in ae 
a yation and section (figs. 109-110), the 

_ drive mechanism, driving wheel centre 
ee and hollow shaft {fe 11 and ok 


pee oo and gears ad Stee? to 
the: locomotives in figures 104 to 106, an 


er of spring couples is used 
i stead of *five). In addition, 
couple supports are not monobloc, 
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by ApotpnEM. HUG, 


- Consulting Engineer, of Thalwil, (Zurich) Switzerland. 


Chapter IV. (Continued) 


IVING MECHANISM USING SPRINGS (OR RUBBER) 
_ WITH TRANSMISSION BY GEARS. 


* but divided vertically, as on the PRR- 


(figs. 75 and 77). 

Tt is interesting to compare figure 104 
with figures 107 one 108, and ae 106 
with Sours 412. The first figures are 
those of the former P.O., the second 
those of the former MIDI, the two sys- 
tems subsequently amalgamating (P.0.- 
MIDI) before the general embodiment in 


the SNCF in 1938. Also compare figure 


411 with 75 and 77 of this Chapter, deal- 
ing with PRR locomotives. We shall not 
describe the details which can be readily 
seen in the various figures (securing of 
the couple supports, gear rim, gear wheel 
centre with hollow shaft, etc.). 

On the main lines, it can be said that 
the quill cup drive mechanism, with 
spring couples of the Westinghouse or 


ek ¢ Asien ‘Bulletin of the International Railway Congress Association, Nos. of September, 
on. October — and. December 1947, pp. 823, 885 and 999 respectively, and No. of February 1948, 


‘page 73. — 


a SP) Bee: "Revue Générale d’Electricité, Paris, 11th August 1934 (Mr. 
. “Revue Générale des Chemins de Fer, Paris, November 1933. 


LEBOUCHER) and 


{ 
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AEG-Kleinow type, has given satisfactory 
results. This mechanism is, however, 
considered to be fairly complicated in 
assembly and it is thought that the ten- 
dency will be towards the use of rubber 
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these driving ‘mechanisms which were 
fitted, during their time, on express loco- 
motives of the Midi Railways in France 
(series E.3100, 410 locomotives, 2-C,-2, 
1923-1928, vertical motors, and series 


Fig, 108. — Express locomotive No. 4813, 2-D,-2, 


of. the former MIDI, France 
Quill cwp drive with an even number 


fig. 107). 
of couples. 


(see under Pennsylvania RR, second part 
of b) of this Chapter) or to other mech- 
anisms which may be developed later. 


Under 5) (**). — So far as is known, 
there has been no further application of 


(same series as 


E.4801-6, six locomotives, 2-D,-2, 1932, 
horizontal motors) (followed by locomo- 
tives 4807-4824 described above). 


Under 6). — New uses of the Bianchi. 
arrangement with laminated springs. 


(**) See Bulletin of the International Railway Congress Association for December 1947, 


p. 1001. 
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Uses of the Bianchi mechanism (*) 
prior to 1932 were described on pages 
67-69 (figures 140-142) of Cde. indiv. 
This dealt with the fitting of 12 locome- 
tives, type 2-C,-2, series E.326, Nos. 001 
to 012, and eight locomotives, type 
2-B,-+B,-2, series E.428, Nos. 004-008. 
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of 4000 H.P. hourly rating, maximum 
operating speed also 130 km./h., tare 
132 tons; a brief description of these 
will be given in the second part of this 
Chapter. 

All these machines are for 3000 volts 
DE). 


Fig. 112. — Two driving axles complete, for the locomotives shewn in 


figs. 107 to J11. 


Of the 2-C,-2 locomotives, of 2 600 H.P. 
hourly rating, maximum operating speed 
130 km./h. (80 m.p.h.), tare 142 tons 
(fig. 142 of Cde. indiv.), 12 are at pre- 
sent in service, as well as 300 2-B,+-B,-2 


Bilateral gears and drive. 


Bibliographical references will also be 
given, in the form of notes to the text, in 
the second part of the Chapter, together 
with references to developments of the 
mechanism. 


(®) The engineer Giuseppe BIANcHT, inventor of the arrangement, was for long in the 
Mechanical Engineering Department of the Italian State Railways, finally as Chief of 
Electric Rolling Stock, Florence, and was then attached to the « Compagnia Generale d’Elet- 


tricitaé >, Milan. 


Appointed by the Allied Occupation Authorities, shortly after the Arm- 


istice in 1945, Controller of Italian Railways, he became in 1947 Director in charge of the 
North of Milan Railways « Ferrovie Nord-Milano» FNM. 


(*) Output at the sub-stations = 3700 V.; average contact line tension = 


3 


3400 V. 
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As in most of the arrangements, the 
Bianchi system has undergone improve- 
ments as a result of experience in service. 
The variations will be described, both for 
locomotives and for railcars and fast 
railcar sets, in the second part b) of this 
Chapter, with new arrangements. In its 
original state, the Bianchi arrangement 
had the disadvantage of a lubrication 
system which was difficult to maintain 
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shews an axle assembly for the fast rail- 
car sets (electric) (triple set articulated 
on four bogies) known as the «elettro- 
treni», of which details and bibliograph- 
ical references will be given in the second 
part of this Chapter, together with de- 
velopments of the arrangement. The 
first of these sets have been in service 
on the Milan-Bologna-Florence-Rome-Na- 
ples (Direttissima) since 1935/56. They 
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Fig. 113. — Arrangement of the drive springs for the Bianchi mechanism for Italian 


locomotives. 


in service (four lubricators for each set 
of laminated springs, 48 per axle or 144 
to 192 Stauffer lubricators per locomo- 
tive, see fig. 140 of Cde. indiv.). This 
defect really removed itself, since it be- 
came obvious that the lubricators were 
unnecessary, and they were left off. 

Complementary to figures 140 and 141 
of Cde. indiv., figure 113 shews a set of 
springs of the original Bianchi mech- 
anism. 

The original Bianchi mechanism has 
also been used on railcars. Figure 114 


See figs. 140 to 142 of Cde. indiv. 


run at a speed of 160 km./h. (99 m.p.h.) 
and in trials have reached a speed of 
205 km./h. (127 m.p.h.). 3.000 volts DC. 
current is used as already stated. 


b) PART TWO. 
(of Chapter IV). 


We pass now to new spring mech- 
anisms, developed for the most part from 
those in the first part of this Chapter. 
They will be dealt with in the order of 
the importance which we consider they 


; to Biss: present state of 
ne wa how- 


; \ sb fubbor looks in plate of spring 
£ 
J eo couples, and for comparison refer to 


] Fig. 114. 


figures 72, 73, 74 and 76 of the first 
part of this eat and to the notes 


Figures 115, 116 and 72 (rh. side) 
shew the first arrangements (") which 
were tested on several GG1 locomotives, 
and figure 117 (reproduction of PRR 
drawing) the actual arrangement of 1942 
which has since been adopted (from 1942 
to end of 1946) on most of the locomo- 
tives of the classes : 


— Axle with bilateral drive and unilateral gear on hollow 
shaft, for the express railcar sets «elettrotreni >» (1935/36)of the 
Italian State Railways, Breda construction. Max. working speed, 
160 km./h. (99 m.p.h.). See second part of this chapter with “iMustra- 
: tions of the set and bogies. 


GG1, comprising 139 locomotives (Nos. 
4800 to 4938) and 


. 
: to items 2 and 4 of Table A (see fig. 70). P5A, comprising 92 locomotives (Nos. 
{ In 1938/39, the Pennsylvania RR earri- 4700 to 4791). 

$. ed out the first trials using rubber blocks This mechanism, which the PRR calls 
q instead of spring couples, the remainder the rubber cup drive, was standardised 
; of the quill cup drive remaining almost for GG1 locomotives. With regard to 
_ identical. the P5A, 2-C,-2 type (see fig. 164 of Cde. 
5 . “”) The photographs were taken by the author, at the Sunnyside depot. New York, and 
at the Altoona Works (Pa.) of the Pennsylvania RR, in June, 1939. 
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indiv., p. 79), these were successively 
modified with a fitting very similar to 
that in figure 117, of the GG1 locomo- 
tives and, the Author believes, with uni- 
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thought that it may undergo great de- 
velopment in the future. It may be re- 
marked in passing that the mechanism 
described on pages 77 to 79 of Cde. indiv, 
(fig. 163) of the General Electric Com- 
pany has been removed from the P5A 
class locomotive, series 4700 (former No. 
7899? P5 class) and is no longer in use, 
the cup drive being preferred in opera- 
tion. The same remark applies to the 
two 2-B,-2, 01 class, locomotives mention- 
ed in the left-hand column of page 78 of 


Pa hee 2 


Fig. 115. — First use of rubber cup drive in quill cup arrangement, Pennsylvania 
Railroad PRR. 


A & B: two-part support, divided vertically. 


A = lower part fixed to the hollow 


shaft arm, and B = the outer part fitted to A by bolts E through the holes F. 


C: rubber pad set in the supports A and B with metal retaining rings. 


lL: equaliser arm of the brake blocks 5 


V : wheel-tyre fixing bolts. _ 


adjustable. 


(‘See fig. 72, left, and 116:) 


lateral gears and mechanism only, revers- 
ed on successive axles (see figs. 70 and 
74, in contrast to figs. 76 and 77). 

The Pennsylvania RR is very satisfied 
with its rubber cup drive and it is 


Cde. indiv., and to the fitting described 
on pages 76-77 (fig. 161) of Cde. indiv. 
(see fig. 35 of this Chapter) of the 
Westinghouse Co. 

Apart from the «cup» — including 


A 
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rubber cup — drives, only a single exam- 
ple of the experimental mechanism has 
been retained, that described in Chap- 
ter IIT (figs. 16 to 18 and Cde. indiv., 
fig. 65), the Buchli arrangement (Brown- 
Boveri). 


From PRR drawing. 


Fig. 116. — Section of the rubber blocks fitted 
in fig, 115, Pennsylvania Railroad (original 
arrangement on GG1 locomotives). 


Flexible arrangements with push-rods. 


The Meyfarth-Sécheron arrangement (“) 
is based on the same principles as the 
quill cup drive, from which it may be 
considered to be derived, but the com- 
pression of the springs, instead of taking 
place directly from thrust plates on the 
wheel spokes, is effected through push- 
rods with rounded ends. The axes of 
the rods incline slightly, according to the 
relative movements of the axle in rela- 
tion to the hollow shaft to which the 
spring supports are attached. 

As we shall see, this arrangement has 
two fairly divergent applications, parti- 
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cularly as regards the sizes of the com- 
ponents, these being the different types 
for locomotives and for railcars. 


The locomotive type is used for driving 
wheel diameters of between approxima- 
tely 1400 and 1600 mm. (8’7°/,,” and 
5/5”) and for an axle load of about 
15 tons, whilst the railcar type was de- 
signed for a wheel diameter of about 
900 mm. (2/113) and an axle load of 
11 to about 14 tons. 


This mechanism will be dealt with be- 
fore the other developments of the quill 
cup drive (particularly those of Oerlikon 
and Brown-Boveri, with springs, which 
will be described later in this Chapter) 
because the latter are rather more. for 
railcars, or at least for light locomotives, 
and for ratings in the region of 300 to 
600 H.P. per axle at the most. 


The locomotive type and its uses will 
be described first. 


Fig. 118 shews the first application 
which was made in June, 1935, on one 
of the driving axles of locomotive 10204, 
type 1-C,-1 (Ae*/,!) of the Swiss Federal 
Railways SBB-CFF (see figs. 77 and 78 
of Cde. indiv.). 


Up to the end of 1939 this axle had 
completed more than 300000 km. 
(186 400 miles) and had not given any 
trouble in service. 


In the beginning wear on the sockets 
was fairly heavy, but since the caps were 
modified and more suitable metals used, 
the maintenance of this mechanism has 
given no trouble. 


Fig. 119 shews a section of a spring 
element complete, and figs. 120, 121 and 
122 the separate components, partial as- 


(*) The engineer G. MryrarrH, who patented this arrangement, was Director-General 


of the Secheron Works (SAAS) of Geneva, 
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sembly and successive assemblies which 
are somewhat divergent. 

The axle driving mechanism operates 
as follows : the driving effort of the gear 
wheel compresses the spring (in one di- 
rection or the other, according to the di- 
rection of travel) by the action of the ex- 
ternal cylinder/sleeve (element support). 
As soon as the spring begins to compress, 
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the amount of play of about 3 cm. men- 
tioned above, and as the parts are very 
strong the reciprocal friction is insigni- 
ficant provided the lubrication is effec- 
tive and the surfaces are kept clear of 
sand. As already stated, when there is 
play between the hollow shaft and the 
axle, the push-rods take up a slight in- 
clination, but no friction arises from 


Fig. 118. — Driving axle fitted with flexible drive of 


couples with 


trial 


spring 
system; on 


wheel on hollow shaft. 
1 610: mmm. (573*/,"7). 


play arises — up to 3 cm. (1°/,,”) 
allowing the internal cylinder/sleeve to 
slide in relation to the external support- 
ing cylinder. The spring, under com- 
pression, sets up a flexible drive on the 
internal cylinder/sleeve which transmits 
the drive by the corresponding push-rod 
to the body of the wheel. 

The maximum relative movement of 
the two cylinder/sleeves corresponds to 


push 
(1935) 

No. 10204, of the CFF, Switzerland. 
Diameter of tread of tyre, 


rods, Meyfarth-Secheron 
on the 1-C,-1 locomotive, 
Unilateral gear 


this, but only a very slight roll, thanks 
to the spherical heads of the push-rods. 
To an even better degree than with the 
quill cup drive, the springs are subject 
to compression without any deflection. 

Fig. 122 shews details of the assembly 
in elevation and cross-section. 

The principal advantage of this mech- 
anism, in our opinion, due to the arran- 
gement of the component parts, lies in 
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Fig. 119. — Vertical section of spring couples with push rods, original patented system. 
This practically gepresents a working diagram. 


Fig. 120. — Component parts of the Meyfarth- 
Secheron arrangement of fig. 122. Note 
the dished plates for the rounded ends of Fig. 121. — Same parts as fig. 120, but of 


the push-rods, the interior ones are driven more recent design. The assembly of the 
to one side or other by compression of the 

spring under the driving effort of the gear component parts can be seen; the central 
wheel. unit is here in one piece (screwed head). 


BECRERGH a7 04 


[4 it 
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SS Za 


Fig. 122. — Elevation and cross-section of a SNCF driving axle with 1600 mm. wheel, 
i with Meyfarth-Secheron push-rod mechanism. See figs. 118, 120, and 121. 
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Fig. 123. — M. type locomotive, C,+C,, No. 604, series 604-620, 
Swedish State Railways, SJ, fitted with push-rod drive, Mey- 
farth-Secheron system. Same locomotive as fig. 93 [see 5) 
above, fig. 91]. 
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the fact that it can be of a very smal! 
size, which permits of its use on wheels 
of only 900 mm. (2’414”) diameter (rail- 
cars). Its behaviour as regards the dy- 
namic stresses set up by rotation and 
relative movement is similar to the quill 
cup drive. 


88). 


We now pass to the uses on locomo- 
tives, apart from the one already men- 
tioned (CFF, fig. 118). 


The most extended use is that on 19 
locomotives of the Swedish State Rail- 
ways «Statens Jarnvagar » — SJ — of 
which two were 1-D,-1 express locomo- 
tives, type F, Nos. 602 and 603, in 1942 
(similar to those in figs. 94 and 92, see 
remarks under a) following fig. 90) and 
the 17 C,+-C, freight locomotives, type M, 
Nos. 604-620, in 1944, a dimensioned 
sketch of which is shewn at fig. 93. 
Fig. 123 shews the first of these locomo- 
tives. 


region =— PEM, 42003. Ps 


(S.k. 


No. 262-AD-1 


(80 myp.h.) for express service on the Paris-lyons-Marseille/Menton line (see fig. 


The Swedish Railways consider this 
arrangement satisfactory, provided that 
the eccentricity of the hollow shaft is 
reduced to as small an amount as possible 
and sanding-up of the axles is avoided. 
Otherwise, the excessive oscillation will 
cause the push-rods and other parts to 
break. The quill cup drive is less sen- 
sitive in this respect (see remarks on 
fig. 92) but it is clear that sanding-up 
of one or more axles and the casting of 
sand on to the sliding surfaces must be 
avoided, in view of the excessive dynamic 
stresses which result .(™). 


. — Double Diesel-electric locomotive of the SNCF, 


The following applications of the mech- 
anism to locomotives are set out in chro- 
nological order : 


124 
130 km./h. 


Fig. 


— the Diesel-electric super-locomotive 
No. 262-AD-4, 2-C,-2+2-C,-2, built for 


() Compare with left hand column of page 66 of Cde. indiv. 
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the express service between Paris and 
Menton (“) (total of six axles fitted) 
delivered in 1938 to the PLM (now SNCF 
— S.E. region) by the Fives-Lille, in col-_ 


. . . . i. ~ r r\ : — bt 
laboration with Swiss Winterthur (SLM), © MAN license. "an 
(*) See Revue Générale des Ohemins de Fer, Paris, May 1938 (article by ‘TOURNEUR) ; oie 
; Revue Générale d’Hlectricité, Paris, 19th March, 1938 (article by Neveux); Bulletin — 
7 Sécheron, Geneva, No. 10, 1938. : ay > i [nn 
* ~ ee ma 
x a, 
: Maer jf 
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‘Fig. 126, — Longitudinal 


5 link ike 


ciété Générale de Constructions mécani- 
ques» built the Diesel motors unde 


es, fig. 124 (see fig. 87). 


a ee vi I 
The characteristics of this locomotive 


are as follows : 
Total power of 
| Diesel traction, | 
_ motors (hourly, 
at a speed of — 


4200 HLP. 


130 km./h. (80 m.p.h.). 


Weight in work- 


ing order . 


Adhesive weight 


(6 X 16 tons). 


Length over buf- 
CONG See we ts 


Diameter of driv- 


ing wheels 


Gear reduction ra- 


tio 


225 tons. 

108 tons. 

32.7 m. (107/33/). 
1600 mm. (5/3//). 


1: 4.333. 
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ae 


Fig. 127. — Locomotive No. 208, 1-C,+C,-1 of the BLS 
Railways (Switzerland) (same locomotive as in fig. 44) 
with train, leaving Spiez for Lotschbere. 


Fig. 122 shews.a twin axle of this loco- 
motive; fig. 124 the complete locomotive ; 
fig. 126 a cross-section and plan of a 
half-locomotive, and fig. 125 the assembly 
of two Diesel-electric groups of a halt- 
locomotive. 

— two 1-C,+(C,-1 (Ae*/,) locomotives, 
Nos. 207 and 208, put into service in 1944 
and 1943 respectively — during the world 
war — on the Swiss Bernese Alps, Berne- 
Létschberg-Simplon line BLS, one of 
which is shewn in fig. 44 (No. 207) (®) 
and the other, with a train, in fig. 127: 
fig. 128 shews a driving axle mounted in 


Fig. 128. — Driving axle of the BLS locomo- a 
tives Nos. 207 and 208, figs: 44 and 127. the frame of these two locomotives. 


(To be continued.) 


(*) Fig. 44, BLS locomotive No. 207, shews the push-rod mechanism, but apart from 
this, locomotives Nos. 207 and 208 are identical (see text to the right of fig. 42). 
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Load compensating brake goes in service, 
by C. D. STEWART, 


Vice-President, Westinghouse Air Brake Company. 


(Railway Age, October 25, 1947.) 


The Llinois Central is about to place 
in service 400 hopper cars equipped 
with the new load compensating brake. 
The December 30, 1944 (see page 985), 
issue of.the Railway Age carried an ar- 
ticle that dealt principally with the pur- 
pose of this brake in comparison with 
the single capacity brake and covered 
only briefly the equipment involved and 
the manner in which it functionned. 


study, followed by experimental installa- 
tions on non-interchange cars, a very 
much simpler equipment has been pro- 
duced. It is this equipment that is 
being installed on the new Illinois Cen- 
tral cars. These 400 cars will find their 
way Over many roads in the near future. 

By a unique piston arrangement it is 
possible for the first time to produce 
varying braking forces with a single 


Bie. 1. 
ehamiber a; 
chamber c 


The design, at that time in its early 
stage, contemplated two brake cylinders 
similar to those used with the empty- 
and-load brake equipment, but the pres- 
sure controlling means differed from 
that of the empty-and-load equipment in 
that braking forces were adjustable to 
intermediate loads as well as to the 
empty and fully loaded cars, 

After many months of design and 


— The brake-cylinder body showing the 12-in. piston 


the chamber 6 around the hollow rod; and the 
inside the hollow rod. 


brake cylinder. In this way the extra 
weight and handicap of a second brake 
cylinder with its notched push rod and 
latch box is avoided. This arrangement, 
also for the first time, employs less air 
for braking a loaded car than for an 
empty car — a very desirable situation. 

To obtain the necessary braking force 
for the loaded car the single cylinder is 
12 in. in diameter, and to conserve air 
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the nominal piston travel is 5 in. This 
compares with 8-in. nominal piston tra- 
vel for the single-capacity brake and 
with 8-in. piston travel for the empty 
cylinder and 3-in. for the load cylinder 
of the empty-and-load brake. To better 
insure the desired piston travel at all 
times an automatic slack adjuster is em- 
ployed. This also is the first time that 
the slack adjuster has been considered 
to be an indispensable part of a freight 
brake equipment. 

The sectional view of the brake cyl- 
inder, Fig. 1, reveals the points of inte- 
rest in its design. The cylinder body is 
of conventional design. The piston, 
however, has, in addition to the conven- 
tional 3-in. diameter hollow rod, a Sse- 
cond hollow rod (7°/s in. in diameter). 
This larger hollow rod in conjunction 
with a sealing gland in the non-pressure 
head forms an air chamber on the spring 
side of the 12-in. piston. The chamber 
c inside of the hollow rod is always 
subjected to atmospheric pressure. The 
chamber b around the hollow rod is 
subjected to pressures ranging from at- 
mospheric to the maximum developed in 
the chamber a of the 12-in. piston. 


The air under pressure in a is that 
which produces the braking force, and 
the degree of braking is produced by 
the amount of service brake reduction 
or by an emergency application, in the 
conventional manner. 

The air under pressure in b counter- 
acts the pressure in a in proportion to 
the respective pressures and _ piston 
areas in the two chambers. If the car 
is fully loaded the pressure in b will be 
atmospheric at all times. If the car is 
empty the pressure will be the same as 
in a. When the car contains interme- 
diate loads the pressure will differ from 
that in a in proportion to the loading. 

The «effective » piston area for the 
empty car condition is capable of pro- 
ducing a 50 to 60 per cent braking ratio 
with 50 lb. brake-cylinder pressure. 
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The «effective» piston area for the 
loaded car condition is capable of pro- 
ducing approximately 30 per cent brak- 
ing ratio with the same pressure. 


Braking ratios. 


Thus the range of braking ratios is 
much narrower than with the single- 
capacity brake and consequently the 
slack producing forces in mixed trains 
is very much reduced. As for solid 
loaded trains, the braking ratio is 50 to 
100 per cent greater than is now obtain- 
ed on trains having the single-capacity 
brake and, therefore, the brake is very 
much more effective for the control of 
trains on heavy grades or for trains 
operating at higher speeds. 

Since the brake cylinder will have air 
under pressure both in chambers a and 
b under certain conditions of car load- 
ing, it follows that air for operating 
the automatic slack adjuster cannot be 
taken from it in the conventional way. 
To meet this situation a cam-operated 
valve is mounted in the non-pressure 
head in such a location that the large 
hollow tubes engages it at the point of 


Fig. 2. — Weighing gear in its non-function- 
ing position. 


ka 
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nominal piston travel. The valve is 
opened by any movement of the hollow 
rod beyond this point and air under 
pressure from chamber a causes the 
slack adjuster to function in the conven- 
tional way and thereby takes up the 
slack in the brake rigging, restoring the 
piston travel to normal. 


Air-pressure control. 


The degree of air pressure that is ad- 
mitted to chamber b is determined by 
the load-compensating valve and it, in 
turn, is automatically adjusted by the 
weighing gear. The gear is normally 
in free position so that car body move- 
ment due to running over the road will 
not cause false registration and also will 
not wear out the equipment. Fig. 2 
Shows it in such position. When the 
car is at its destination and having been 
loaded or unloaded, the locomotive is 
again attached, the brake system is of 
course charged before the car is moved. 
In the processes of building up the air 


Fig, 3. — The hook engaging the bar on the 
ear truck. 


pressure from atmosphere to 45 Ib., the 
weighing gear momentarily comes into 
action. The hook is raised, engages a 
bar on the car truck, Fig. 3, and thereby 
causes the mechanism in the compensat- 
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ing valve to assume a position that cor- 
responds to the deflection of the car 
springs that in turn reflects the degree 
of car loading. When this function has 
been performed and the brake-system 
pressure rises above 45 lb., the weighing 


— The seale beam mechanism within 
the compensating valve. 


Fig. 4. 


gear is disengaged and the compensat- 
ing valve is locked in the position to 
which it has just been moved. 


Fig. 4 illustrates the scale-beam mech- 
anism within the compensating valve. 
The movable fulcrum d is positioned by 
the weighing gear in conformity with 
the car loading. The plunger e creates 
a force on the right hand end of the 
scale beam /, when air under pressure 
is present in chamber a, which is con- 
nected at all times with chamber.a of 
the brake cylinder. The amount of 
force that is exerted at f is in direct 
proportion to the brake application, and 
the amount of force that is delivered at 
g is in proportion to the location of the 
fulcrum d. In the position shown the 
fulcrum is in the middle of the beam 
and consequently the forces at each end 
of the beam are equal. The upward 
movement of the left end of the beam 
opens an air-supply valve that permits 
the flow of air from the compensating 
reservoir to chamber b of the brake cyl- 


248 


inder, and because the forces on both 
ends of the fulcrum are equal the pres- 
sures in both chambers of the brake 
cylinder will be equal. The effective 


braking force exerted on® the brake- 
cylinder push rod is that developed on 
the brake-cylinder piston area in cham- 
ber a which is not opposed by a like 
pressure in chamber b. When the car 
is fully loaded the fulcrum is directly 
under plunger e and then ‘there is no 


8.C. RELEASE 
VALVE | 


Fig. 5. — Piping diagram of the complete load compensating brake equipment. 


force delivered to the left end of the 
scale beam. As a consequence there 
will be no air under pressure transmitted 
to chamber Db of the brake cylinder. 

Fig. 5 is a piping diagram of the com- 
plete load compensating brake equip- 
ment. It shows the relation of the vari- 
ous parts to each other and to the stan- 
dard AB brake equipment. The shaded 
parts are those added to the AB equip- 
ment to provide the load compensating 
brake. 

The valve dotted in, in the brake-cyl- 
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inder line, is a brake cylinder release 
valve. Its function is to vent the brake- 
cylinder pressure when cars are to be 
shunted, and to do this without loss of 
the reservoir pressures. This valve is 
manually opened by a trainman after 
the brake-pipe pressure has been vented. 
It will then remain open until brake- 
pipe pressure has been restored, when 
it automatically returns to normal posi- 
tion. 


-{ LOAD COMPENSATING VALV 


The A.A.R. has authorized the installa- 
tion of a limited number of the load 
compensating equipment and also of the 
release valve. When a sufficient num- 
ber of cars have been equipped with the 
former it plans to conduct road tests of 
150-car trains under the empty and 
loaded conditions. Observations will 
be made both as to general brake per- 
formance and as to stopping distances 
from various speeds in comparison with 
the same performance with the present 
single-capacity brake. 


[ 624 .5 (.73) ] 


Railway bridge with 100-ft. aluminium span. 


(Engineering, December 5, 1947.) 


For a number of years the Aluminum 
Company of America have desired to 
test, on a practical scale, the suitability 
of aluminium alloy as a constructional 
material for railway bridges. The con- 
siderations involved in this matter are 
not only those of cost; as the modulus 
of elasticity of aluminium is about one- 
third that of steel, aluminium  struc- 
tures are necessarily more flexible than 


STEIN 


for exposed situations. The Aluminum 
Company does not contend that alumi- 
nium structures can compete in cost 
with those built of steel, although the 
price of aluminium has fallen during re- 
cent years, but it is naturally desirous 
to extend the field of application of the 
metal. In suitable cases, the increased 
cost may be offset by attendant advan- 
tages. 


Fig. 1. — Old and new bridges; looking East. 


those built from the latter material. The 
coefficient of expansion of aluminium is 
also about twice that of steel, the value 
for aluminium alloys ranging from 22 to 
27 x 10—® per degree C., as compared 
with 11 to 15 x 10—6 per degree C. for 
steel. This difference may introduce 
special design problems. Although it 
does not seem likely that aluminium 
will replace steel as a general structural 
material, some arguments may be put 
forward for its use in special cases. Its 
lightness may make it particularly suit- 
able for lifting spans of bridges, and 
this quality may also simplify erection 
operations. By proper treatment it may 
also be made highly resistant to corro- 
sion, making it a convenient material 


An opportunity to make a full-scale 
practical test of aluminium alloy as a 
constructional material for railway 
bridges arose in connection with the re- 
construction of the Grasse River Bridge, 
near Massena, in the northern part of the 
State of New York. This bridge carries 
a single-line spur railway, about two mi- 
les long, which connects the Massena 
plant of the Aluminum Company with 
both the New York Central and Cana- 
dian National Railways. The original 
bridge, which was built in 1897, consist- 
ed of two plate-girder spans, 50 ft. long 
and four Warren girder spans 100 ft. 
long; it can be seen in the foreground in 
Fig. 1, on this page. Owing to the in- 
creased weight both of the locomotives 
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and loaded waggons it became necessary 
to replace the original’ bridge by a 
stronger structure, and the opportunity 
was taken to incorporate an aluminium 
span in the new bridge, which can be 
seen behind the old structure in Fig. 1. 
The reason the new bridge lies at a 
higher level than the old is that the gen- 
eral reconstruction work, undertaken in 
connection with increase in the capacity 
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serve the behaviour of the aluminium 
span in relation to the neighbouring 
steel spans. The bridge is used only for 
freight service, operated by three 600- 
H.P. Diesel-electric locomotives, but the 
nature of the traffic will enable test 
runs to be made by heavy steam loco- 
motives. The aluminium span, the posi- 
tion of which is clearly indicated by its 
lighter colour in Fig. 1, weighs only 


Fie. 2. 


of the line, included the enlargement of 
a marshalling yard, and the new layout 
enabled the railway grades to be im- 
proved by moving the position of the 
bridge 63 ft. to the east and raising the 
level by 20 ft. 

The new bridge consists of seven 
plate-girder spans, one 90 ft. long, four 
100 ft. long, and two 75 ft. long. The 
co-operation of the railway company 
was secured in the decision to construct 
one of the 100-ft. spans entirely of alu- 
minium alloy. The situation of the 
bridge in the neighbourhood of the Mas- 
sena works is particularly favourable in 
enabling the Aluminum Company to ob- 


— Aluminium span being lifted into position. 


53 000 Ib., as compared with 128 000 lb. 
for the neighbouring steel span of the 
same length. The relative costs of the 
two spans have not been furnished, but 
in the particular circumstances of this 
experimental installation the matter is 
of secondary importance. 

In an article in the December, 1946, 
issue of Civil Engineering, the monthly 
journal of the American Society of Civil 
Engineers, Mr. SHoRTRIDGE HARDESTY, 
M.A.S.C.E., and Mr. J. M. GaARRELTs, 
M.A.S.C.E., point out that, although the 
Grasse River Bridge incorporates the 
first example of an all-aluminium bridge 
span, aluminium alloy was used as long 
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— Hand fitting flange cover plates. 


Fig. 3. 


ago as 1933 for bridge decking. In that 
year, the steel and wood floor system 
of the Smithfield-street Bridge, Pittsburg, 
was replaced by an aluminium-alloy 
deck. As the weight was only half 
that of the original floor, the old steel 
trusses and masonry foundations were 
made safe for heavy modern traffic. 
Although the aluminium-alloy deck is 
exposed to a corrosive industrial atmo- 
sphere, it is still satisfactory after 14 
years of service. Studies of the use of 
the material have been made in connec- 
tion with various lifting spans and other 
bridge features in which dead weight 
was an important factor, and although 
these have not resulted in practical ap- 
plications they have shown that alumi- 
nium alloy has strong claims to con- 
sideration in special cases. 

The Grasse River span is constructed 
of an alloy known as 14S-T. This mate- 
rial, which has been in use for more 
than 25 years, combines high strength 
with good resistance to atmospheric cor- 
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rosion. It has been used for heavy-duty 
forgings in excavators and other machi- 
nes, and has found considerable applica- 
tion in the manufacture of aeroplane 
parts. It was also used for the floor 
system of the standard pontoon-bridge 
units of the United States Army. The 
material contains 4.4 per cent. of cop- 
per; 0.8 per cent. of silicon; 0.8 per cent. 
of manganese; and 0.4 per cent. of mag- 
nesium. Typical mechanical properties 
are : ultimate tensile strength, 70.000 lb. 
per square inch; yield strength (2 per 
cent. set), 60000 lb. per square inch; 
elongation in 2 in. (4 in. diameter speci- 
men), 13 per cent.; Brinell hardness 
(500 kgr. load with 10-mm. diameter 
ball), 135; shearing strength, 42 000 lb. 
per square inch; and modulus of ela- 
sticity 10600000 lb. per sq. inch. The 
average coefficient of thermal expan- 
sion, between — 50 deg. F. and 150 deg. 
F., is 0.0000125 per deg. F. and the 
weight, 174 lb. per cubic foot. The re- 
sistance to corrosion of 14S-T alloy pla- 
tes used in the construction of the span 


Fie. 4. 


— Assembling cross frame. 


ae 


was increased by employing the process 
known as «Alcladding». In this, a 
layer of a different alloy, of greater 
corrosion resistance, is rolled on to both 


surfaces of the plate. The layer, which 


has a thickness of about 5 per cent. of 
the finished plate, is of such chemical 
composition that when it is cut or bro- 
ken, and is wetted by a conducting li- 
quid, such as salt water, a local electric 
circuit is set up, resulting in the sealing 
of the defect. The action also serves to 
protect the rivet ends, which are not Al- 
cladded. 


girder, ebbai 30 in. fom ‘die. hen 
web. The top lateral struts are 
4 in. T-sections, with 8 
T-diagonals, the lower lateral s: m 
consisting of 6 in. by 4 in. T’s both foe 
struts and diagonals. For the end cross _ ‘a 
frames, the> top struts are made up to. 

two 5 in. by 3 in. angles and the bottom 

struts of two 4 in. ie Sein: angles; the <a 
diagonals consisting of two 6 in. by 3in. 
T’s. There are seven intermediate cross 
frames with 6 in. by 4 in. struts and _ 


Fig. 5. — Transporting completed aluminium span. 
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The general construction of the span 
can be seen from Fig. 2, an page 250, 
which shows it being lifted into place 
during erection. It consists of two plate 
girders 10 ft. deep and 100 ft. long. The 
web plates, ? in. thick, are made up of 
four 25-ft. sections. The flange angles 
are 8 in. by 6 in. by °/s in., and the web- 
stiffening angles are 5 in. by 34 in. by 
*/i, in., this latter dimension being in- 
creased to 3 in. for the end stiffeners. 
The cover plates are 14 in. wide by 
*/; in. thick. To stiffen the deep alumi- 
nium web, a horizontal 5 in. by 34 in. 


diagonals consisting of one 6 in. bi 4 in. 
T-section, 

The design of the span was worked 
out in general accordance with the re- 
commendations given by the late Leon 
S. MotsserrF in his manual entitled 
Design Specifications for Bridges and 
Structures of Aluminium Alloy 27 S-T. 
As the mechanical properties of 14 S-T ; 
alloy, of which the span is built, are 
superior to those of the 27 S-T alloy on 
which Morsserrr’s calculations were 
based, it was considered that the new 
design would have an ample factor of 
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Fig. 6. — Drilling 


the use 
An 
. appreciable reduction in unit stress 
would not have been practicable on the 

fr, score of expense, and a considerable in- 
crease in depth would not have been 
a? consonant with a satisfactory appear- 
ance for the completed bridge. The 
‘steel girders are 9 ft. deep, and as a 
compromise it was decided to make the 
aluminium span 10 ft. deep. This pro- 
cedure did not give the maximum eco- 
nomy in material, but it was within the 
af economic range, reduced deflection and 
a had little effect on the appearance of 
o the completed bridge. It will be clear 
from Fig. 1 that the aluminium span is 
. deeper than the others. 


were limitations to 


There | 
of either of these procedures. 
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_ The span is designed for an extreme 
fibre tension, in rolled sections, girders 
and built-up sections, of, 20 800 lb. per 
square inch. The shear stress in the 
plate-girder webs is 12 500 lb. per square 
inch; in cold-driven rivets, 10000 Ib. 
per square inch; and in hot-driven ri- 
vets, 8 000 Jb. per square inch. The two 
types of rivet are made from different | 
material, as is explained below. The 
dead load on each girder of which the 
span is made up is 27500 lb.; the live 
load, 220 300 lb.; and the impact, taken 


alluminium web plates. 


as 55 per cent. of the live load, 122 200 
lb. The total maximum shear load is 
accordingly 370000 lb. The maximum 
dead-load moment is 669.000 ft.-lb.; the 
maximum live-load moment, 4 628.000 
ft.-lb.; and the maximum impact-load 
moment, 2569000 ft.-lb. These values 
make up a total maximum moment of 
7 866 000 ft.-Ib. 

At the time the design of the bridge 
was being worked out, heavy plate of 
Alclad 14 S-T alloy had never been pro- 
duced in widths as great as 10 ft., and 
the Aluminum Company accordingly 
rolled a number of plates 10 ft. wide, 
2 in. thick, and about 26 ft. long, and 
submitted them to test and examination 
for physical properties and flatness. 


the Mas of Heke Bias: thie’ 7 eh e eteewsiea 
was made to form the girder webs of four 
plates 25 ft. long. It was not considered 


desirable to attempt to exceed the 26-ft. 


length of the test plates. The maximum 
live load on the bridge is imposed by 
70-ton loaded waggons, and under this 
condition the deflection of the span is 
1.25 in., as compared with 0.45 in. for 


‘the steel spans. The aluminium span is 


built with a camber of 13 in. at the cen- 
tre. The span was designed by the Gen- 


i 


Fig 


eral Engineering Department of the Alu- 
minum Company, Pittsburg, Messrs. Har- 
DESTY and HANOVER, of New York, act- 
ing as consulting engineers. All mate- 
rial was supplied by the Aluminum 
Company and the span was manufactur- 
ed by the Bethlehem Steel Company at 
their works in Rankin, Pa.; it was also 
erected by this firm. The steel spans 
were built in the same shops and an in- 
cidental advantag e of the aluminium 
construction was gilleeerated by the fact 
that, owing to weight considerations, it 
was necessary to ship and erect the gir- 
ders of the steel spans separately and 
assemble the lateral bracing in the field; 
whereas the aluminium span was com- 


e. 7. — Construction of flange assemblies for web plates. x SS 
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which were driven hot. Most of By 1c 
vets used were /s in. in diameter, 
from A 17- S-T aluminium alloy. This 
material contains 2.5 per cent. of f copper 


and 0.3 per cent. of magnesium. These _ 
rivets were driven cold by means of an 
80-ton air-operated squeeze ram. When ~ 
driven, they have an ultimate shearing 
strength of 33.000 Ib. per square inch. 
The hot-driven rivets were used in posi- __ 
tions in which the ram could not be ~ Al 
used, notably for the connections be-— 
tween the gussets of the cross frames 
and the inside vertical stiffener ¢ 
of the girders. These hot-driven rivets ie 
were made from 53 S-W aluminium al- 3 
loy, which contains 1.3 per cent. of P; 
magnesium, 0.7 per cent. of silicon, and 
0.25 per cent. of chromium. When in > 
position they have an ultimate peer 
strength of 24000 lb. per square in 
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They were driven by pneumatic ham- 
mers at a temperature of about 1 040 
deg. F. They develop their strength 
throughs the « quenching » received by 
contact with the cold metal and tools. 
All holes were drilled in the alumi- 
nium plates or sections which were # in. 
or more in thickness; thinner parts 
were punched. In both cases, the holes 
produced were “/is in. in diameter and 
were afterwards reamed when the parts 
to be connected had been assembled to- 
gether. The operation of the initial 
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rivets. In order to ensure complete 
bearing, the cover plates were carefully 
fitted by hand. This operation is illus- 
trated in Fig. 3, page 251.. The */1. in. 
drilled holes were first aligned by pass- 
ing an “/s-in. diameter reamer through 
them and then enlarged with a ”/a-in. 
reamer. The rivets were then inserted 
and closed by the 80-ton squeeze ram 
visible in Fig. 7, on page 254. 

The next stage was the fitting of the 
flange assemblies to the web plates. 
The lower flange assembly was secured 


Fie. 8. — Inserting web plates in lower flange assemblies. 
oS 2 oO 


drilling of two of the web plates together 
is illustrated in Fig. 6, on page 253. The 
first stage in the construction of the 
span was the building up of the top and 
bottom flange assemblies for the web 
plates. This operation is shown in Fig. 
7, on page 254. The flange angles were 
first bolted together against spreaders 
“/., in. in thickness, that is, °/« in. grea- 
ter than the thickness of the web plates 
which were subsequently to occupy their 
position. The cover plates were then 
fitted to the flange angles, all metal-to- 
metal contact surfaces being covered 
with an aluminium-pigmented caulking 
compound containing zinc chromate. 
Excess of the compound was squeezed 
out during the fitting and driving of the 


by clamps to rails bolted to the shop 
floor, as shown in Fig. 8 above, 
the clamps being set so that the flange 
was given the necessary 14-in. camber. 
The web plates were lowered into posi- 
tion, the stiffener angles fitted, and the 
top flange assembly lowered into posi- 
tion, as shown in Fig. 9, on page 256, 
in which one of the flange assemblies 
for the second girder can be seen in the 
foreground. When the girder had been 
riveted up and completed, it was laid 
on its side and the cross frames were 
secured to the inside stiffener angles, 
the second girder, previously completed, 
then being lowered into position and 
riveted to the cross frames. The manu- 
facture of one of the latter is illustrated 
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fixed aching ieeal ‘fo? riveting the gus- 
set plates and which, when convenient, 
was used instead of the 80-ton squeeze 
ram slung from a crane, which is shown 
ae > on Fig. 7, page 254. After completion, 
and before shipment, the span was 
ree! painted with a priming coat of zinc 
ai chromate and two coats of aluminium 
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Fig. 9. — Assembling top flanges on web plates. ran 
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paint. A 6-ft. wide panel between two _ greater manufacturing cost, but it is 
vertical stiffeners was left bare in order possible that, in some special cases, this 
that the weathering properties of the simplification of erection procedure gcd 
aluminium-alloy nae could be studied. might, in itself, justify the mpm wt 
The completed span weighs 53000 Ib. of “aluminium as a structural material. 
and was shipped and handled as acom-_ The span is carried on steel rockers and, 
plete unit. It was transported to site in order to allow for the high coeffici 
by rail on two flat cars, as shown in of expansion, these are ae 135 in... ee 
Fig. 5, page 252, and was lifted into posi- high, permitting an end movement iota - 
tion by a 30-ton locomotive crane. The 2 in. on each side of the vertical. The = 
handling operation is illustrated in Fig. rocker is set to be in the vertical P si- ro 
i 2, on page 250. The crane was capable tion at Ee deg. F. tee 


[ 625 .1 (.42) & 621 .33 (.42) ] 


Central Line extensions into Essex. 


(From The Railway Gazette, December 19, 1947.) 


The formal opening on Friday, Decem- 
ber 12, 1947, by the Minister of Trans- 
port of the new Central Line extension 
to Woodford and Newbury Park was an 
event of more than usual interest for a 
number of reasons. First, it represented 
the last new construction to be brought 
into public use under private ownership. 
Secondly, it represented the completion 
of the tube railway tunnel construction 
programme for the London area, with 
the exception of the short line between 
Drayton Park and Finsbury Park. 
Thirdly, and particularly from the civil 
engineering viewpoint, it was of unusual 
interest as the first tube railway to be 
lined with reinforced-concrete segments. 

It may be recalled that this North-East 
London scheme, designed in 1935 to pro- 
vide adequate travelling facilities for the 
rapidly-growing population in the area 
east of the Lea Valley and north of the 
main road to Brentwood and Chelms- 
ford, was made possible by close co-op- 
eration between the L.N.E.R. and London 
Transport. London Transport is pro- 
jecting its Central Line services from 
Liverpool Street in stages eastwards lar- 
gely by taking over for operating pur- 
poses, and converting to electric traction, 
the L.N.E.R. line to Ongar and the Fair- 
lop Loop. A new tube railway was built 
from Liverpool Street to Stratford and 
brought into operation on December 4, 
1946. This was extended in tube to 
Leyton and thence over L.N.E.R. electri- 
fied surface tracks to Leytonstone on 
May 5, 1947. The present openings 
comprise the further extension over elec- 
trified L.N.E.R. surface lines of Central 
Line trains to Woodford and also the 
bringing into use of a new tube from 


Leytonstone to Newbury Park, where it 
comes to the surface to form a junction 
with the L.N.E.R. Fairlop Loop Line. 
The L.N.E.R. sections have been resig- 
nalled, and electrification is on the stan- 
dard London Transport 600-volt d.c. 
fourth-rail system. Power supply for 
the extension has necessitated the provi- 
sion of six additional substations. 


The new tube line. 


The new section of tube line to New- 
bury Park begins just beyond Leyton- 
stone by a descent in reinforced-con- 
crete cutting at 1 in 45 on each side of 
the existing L.N.E.R. line. This tube 
section, which is four miles long, has 
three intermediate stations at Wanstead, 
Redbridge, and Gants Hill. The plat- 
forms at these three stations are all at 
tube height, namely, 1 ft. 84 in., but on 
the \L.N.E.R. surface lines the platforms 
have been brought to the compromise 
height of 2 ft. 9 in. above rail level. 


This tube line was nearly completed 
at the outbreak of war, but the track was 
not laid. In the autumn of 1940 Lord 
Beaverbrook approached the London 
Passenger Transport Board with a view 
to exploring the possibility of under- 
ground accommodation for the protec- 
tion of vital production machinery, and 
this uncompleted tube was selected and 
pronounced capable of conversion. The 
work of equipment was begun in Novem- 
ber, 1940, and a factory of about 300000 
sq. ft. of floor space was opened in 
March, 1942. The Ministry of Aircraft 
Production selected the Plessey Co. Ltd. 
(which had an overground factory at 
Ilford) to use the underground site as 
an aircraft component factory, and as 
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such it served throughout the remainder with a rise of 60 ft. provide the means 
of the war. of communication to a standard deep- 

At Wanstead the ticket hall is at the level tube station; there is a fixed stair- 
corner of Eastern Avenue and High way between them. The booking hall is 
Street, above ground, and two escalators some 40 ft. square, and the station build- 
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THE STATIONS 

50 OF THE NEW 

TUBE RAILWAY 
BETWEEN LEYTONSTONE 
AND NEWBURY PARK. 
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Wanstead Station. still under construction). 


ing has been adapted from the see 


factory entrance building, for the sake 
of economy and speed. This building 
has large concrete-framed windows. The 
interior tiling, etc., of the station is in 
cream and green. 

The new ticket hall at Redbridge is 
built above the surface on an island at 


ah a high. erehed : 
Mi coltnms: alse hal 
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Sloped reinforced concrete cutting ‘approaches to the tubes under 7 \ 


construction at Leytonstone Station. 


south side. The lines come so: close to 
the surface here that a short stairway 
connects the ticket hall and the island 
platform which, with the tracks, is in a 


reinforced-concrete cut-and-cover tun-_ 


nel. The permanent surface building at 
Redbridge has been held up by steel 
shortage, and a temporary booking hall 
has been built, therefore, with a covered 
way approach to the stairs. The inte- 
rior tiling of this station is in cream and 
blue. . 

The station at Gants Hill is of the Pic. 
cadilly Circus type, below the centre of 


a road traffic roundabout, with subway 


entrances from the adjacent street cor- 
ners. The low-level part of the station 


At Newbury Park, a temporary book- 


ing office has been built alongside the 


old station, and a new station incorpo- 
rating a staff canteen is to be built later. 

A new bus forecourt is also being con- 
structed, including a reinforced-concrete P 
roof under which: buses will | Sscuee 


tion under coven aa ee 


-Reinforced-concrete tube segments. 


: of Cag 
tube is that reinforced-concrete ‘lining. 7) awe 
has been used for 2? miles of running 
tunnel. Because of the increased thick- \ 


ness of the flanges of the concrete lining, - 
signal apparatus cannot be nested into 
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the segments as it can in those of cast 
iron, and the concrete lining is accord- 
ingly made 12 ft. 3 in. internal dia. 
Each ring has the same overall dimen- 
sions as the normal cast-iron ring, and 
the reinforced-concrete rings are lighter 
than the cast iron, as well as cheaper. 
The external face of the concrete is coat- 
ed with a bituminous solution to pre- 
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portion of the tube consists of standard 
cast-iron rings, of which some 13 000 
were used. ; 


Central line services. 


As a result of the replacement of 
Wood Lane (short-platform) Station by 
the new White City (long-platform) Sta- 
tion on November 23, 1947, and the open- 


Tube constructed in pre-cast reinforced-conerete segments. 


vent attack by any impurities in the soil. 
One of the initial difficulties encounter- 
ed in developing this type of lining was 
to provide sufficient strength in the cir- 
cumferential flanges to resist the very 
considerable thrust from the rams of the 
shields, and much of the reinforcing has 
been devoted to this purpose. 
casting of the segments vibratory me- 
thods were used. In all, nearly 9 000 of 
these rings were used. The remaining 


In the . 


ing of the Newbury Park and Woodford 
extensions, all Central Line trains have 
been increased from 6 cars to 7 cars. 
There are some peak-hour 8-car trains, 
making a number of journeys during 
peak times. The service provides for 
more than 180 trains a day each way on 
each of the two new sections. The rush- 
hour frequency on each section is 16 
trains an hour each way (i.e., a train 
every 34-4 min.). West of Leytonstone 
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Standard cast-iron tube with per- 
manent way laid, but before in- 
stallation of eonduector rails. 


Platform view at Wanstead Station with a 


staff train passing through. 
cent lighting will be noticed. 


The fluores- 


_Ituminated diagram and power frame in the 
new 459-lever Newbury Park signal box. 
Except for Woodford Station and Woodford 
Junction, all boxes between Leytonstone and 
Newbury Park, via Grange Hill, are now 
staffed by London Transport. 


Sound-absorbing panels in tube tunnel, which, 
in conjunction with 300-ft. rails, reduce 
noise in the carriages. 


the two services combine to 360 trains 
a day each way. There is no reversing 
at Leytonstone, all trains reaching there 
from the City proceeding either to 
Woodford or to Newbury Park. The 
inter-station time between Leytonstone 
and Newbury Park is 10 min., and be- 
tween Leytonstone and Woodford is 
7 min. 


Level crossings closed. 


As a result of this increase in the train 
services from six or eight to 16 to 32 
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trains an hour on the Woodford line, it 
became necessary to close level crossings 
at Eagle Lane, George Lane, and Snakes 
Lane, in the borough of Wanstead and 
Woodford, and this was done as from 
November 30. There are pedestrian 
subways at each of these points. The 
»footway accross the railway at Marl- 
borough Road also has been closed, 
and until the erection of a footbridge at 
this point is completed, pedestrians have 
to use the subway at George Lane. 


Vehicular traffic and the bus service 
formerly using Eagle Lane level crossing 
have been diverted along Hollybush Hill 
and New Wanstead Road, or along 
Woodford Road and High Road to South- 
end Road. It is hoped, however, that 
the permanent route under the railway 
bridge at High Street, Wanstead, now 
closed to vehicular traffic, but open for 
pedestrians, will be completely available 
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very soon when the raising of the low 
bridge is completed. Traffic at George 
Lane crossing has been diverted along 
Southend Road, via Gates Corner or 
Chigwell Road, and traffic formerly us- 
ing Snakes Lane has been diverted along 
St. Barnabas Road, Broadmead Road 
bridge, and Charteris Road. Work on a 
permanent bridge at George Lane has 
been begun. 


L.N.E.R. steam services. 


As already announced, the Fairlop 
Loop was closed to rail traffic on No- 
vember 30. A revised steam service of 
L.N.E.R. trains was introduced on Sun- 
day, December 14, between Woodford, 
Loughton, Epping, and Ongar. Wood- 
ford thus becomes the interchange sta- 
tion between L.N.E.R and London Trans- 
port trains, pending the completion of 
further electrification. 


CORRIGENDUM. 


In the Bulletin for October 1947, page 937, 2nd. Col., 4th. line, there is : 


General Electric Company; 


Please read: 


General Railway Signal Company. 
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